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1078–5Purpose. To test the hypothesis that a proximal arterial occlusion has a protective effect on the progression of distal arterial
disease, assessed by distal runoff resistance score (DRRS).
Materials and Methods. One hundred and nineteen patients (median age 64 y, male 96%) with a unilateral iliac and/or
femoral arterial occlusion caused by atherosclerosis were analyzed retrospectively. DRRS was assessed on arteriograms of
the test limb (with proximal arterial occlusion) and control limb (contralateral limb). Multivariate analysis was performed
to determine if a proximal arterial occlusion was an independent risk factor for the development of a difference in the DRRS
between the test and control limbs.
Results. The clinical features of the subjects were claudication in 85%, ankle brachial index 0.52 (median), diabetes in 30%
and smoker in 76%. The upper leg DRRS of the test limb was significantly lower in the iliac occlusion group than in the
control limb (1.87 1.69 vs 2.85 2.75, p¼ 0.032). However, multivariate analysis failed to identify any risk factors
associated with the difference in DRRS in both limbs.
Conclusion. There was no evidence that a proximal arterial occlusion was associated with a slower progression of distal
arterial disease.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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There are reports suggesting that a proximal arterial
occlusion offers protection against the development of
distal artery atherosclerosis in the lower extremities
(LE).1,2 Some authors have reported more rapid pro-
gression of atherosclerosis at the distal arterial seg-
ments after LE arterial bypass surgery.3,4 If a proximal
arterial occlusion is demonstrated to have a protective
effect against the progression of distal arterial occlusive
disease, the surgical or endovascular reconstruction of
a proximal arterial lesion should be more selective.
Although various mechanisms have been sug-
gested to explain the protective effects of a proximalsponding author: Y-W. Kim, MD, Division of Vascular Sur-
epartment of Surgery, Samsung Medical Center, Sungkyunk-
niversity School of Medicine, Ilwon-dong #50, Gangnam-gu,
Korea, 135-710.
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884/000341 + 05 $34.00/0  2007 European Society for Vasculaarterial occlusion, there is no evidence to support
them. The mechanisms proposed for the protective ef-
fects suggest that a proximal arterial occlusion lowers
the shearing forces and reduces the insult to the distal
arterial wall. The aim of this study was to determine if
a proximal arterial occlusion offers some protection
against the progression of distal arterial disease.Materials and Methods
Among 2,125 LE arteriography procedures performed
for a diagnosis of arterial occlusive disease of the LE
from December 2001 to July 2005, 316 patients (15%)
had a unilateral iliac and/or femoral arterial occlu-
sion. Among them, those with non-atherosclerotic
disease, stenosis (>50% of diameter) of the iliac or
femoral artery in the opposite limb, a prior history
of ilio-femoral intervention or leg amputation in
either leg, or angiography for a follow-up examination
were excluded. One hundred and nineteen patientsr Surgery. Published by Elsevier Ltd. All rights reserved.
Table 1. Calculation of distal runoff resistance score (DRRS)
Site of distal
anastomosis (artery)
Number of units assigned
3 2 1
Common iliac External iliac Hypogastric
External iliac Common femoral Superficial femoral Profunda femoris
Common femoral Superficial femoral Profunda femoris
A-K popliteal Distal popliteal Anterior tibial
B-K popliteal Posterior tibial, peroneal
Anterior tibial Distal tibial Pedal arch
Posterior tibial Distal tibial Pedal arch
Peroneal Pedal/
inframalleolar
Pedal runoff Collaterals to
anterior & posterior tibial
Degree
of occlusion
Number of points assigned per unit
3 2.5 2 1 0
Major runoff
vessels
Occluded
throughout
length
Occluded less
than 1/2 of length;
visible collaterals
50%e99%
greatest stenosis
20%e49%
greatest stenosis
<20% greatest
stenosis
Pedal runoff No primary pedal
artery patent
Partially patent or
fully patent beyond
critical in line
occlusive lesion
In line continuity with
patent outflow vessel
but incomplete arch
One or more subcritical
stenosis distally
but no in line
Fully patent
pedal runoff
(<20% stenosis)
A-K popliteal, above-knee popliteal; B-K popliteal, below-knee popliteal.
(Recommended standards for reports dealing with lower extremity ischemia: revised version5).
Fig. 1. Calculation of the distal runoff resistance scores (DRRS)
on the arteriogram: the DRRS at the upper leg level were 6.0
and 1.0 in the right and left leg, respectively, in a patient with
a complete obstruction of the left external iliac artery and a seg-
mental occlusion of the right superficial femoral artery.
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clusion on the initial LE arteriogram with available
clinical and laboratory data were enrolled in this study
(iliac occlusion group, n¼ 43; femoral occlusion group,
n¼ 76). There were 114 (96%) males and 5 (4%) females
with a mean age of 64 years (range 58e71 years). The
clinical features of the subjects were as follows: claudi-
cation in 85% (critical limb ischemia in 15%), an ankle
brachial index of 0.52 (median), diabetes in 30% and
current or ex-smoker in 76%.
The arteriographic examinations were CT angiogra-
phy (LightSpeed Ultra 8 or LightSpeed 16, GE Medical
Systems, Milwaukee, Wisconsin, US) in 68 patients
and conventional angiography in 51 patients.
The severity of the distal arterial disease was
assessed using the distal runoff resistance scores
(DRRS), as suggested by the SVS/ISCVS5 (Table 1).
Before commencing this study, a pilot study was
carried out to determine the presence of any inter-
observer bias in calculating the DRRS. In the pilot
study, two radiologists, who were blinded to the hy-
pothesis in this study, examined 30 LE arteriographic
images. The DRRS score (ranging 1 to 14) calculated
by the 2 radiologists were sent to the statistical depart-
ment for a Spearman’s correlation test. The results
showed a correlation coefficient 0.659 in the iliac
group and 0.846 in the SFA group. Therefore, a deci-
sion was made to use the DRRS score measured by
a single board-certified radiologist with 9 years
experience.
Table 2. Comparison of patient characteristics between the iliac occlusion group (n[ 43) and the femoral occlusion group (n[ 76)
Characteristics Unilateral proximal artery occlusion P
Iliac occlusion group
(n¼ 43)
Femoral occlusion group
(n¼ 76)
Age, median (range, y) 63.0 (40e83) 66.5 (30e87) 0.394*
Gender, male (%) 41 (95%) 73 (96%) 1.000y
Presenting symptom 0.0685z
Claudication 40 (93%) 61 (80%)
Critical limb ischemia 3 (7%) 15 (20%)
ABI (median) 0.52 (0.11e0.91) 0.52 (0.03e1.12) 0.899*
Diabetes mellitus 10 (23%) 26 (34%) 0.211z
Hypertension 19 (44%) 49 (64%) 0.032z
Smoking 38 (88%) 52 (68%) 0.015z
Statin use 7 (16%) 8 (11%) 0.364z
BMI (kg/m2) 22.8 2.9 23.0 3.1 .683!!
Serum cholesterol (mg/dl) 182.0 (112.0e342.0) 169.5 (110.0e311.0) 0.188*
LDL-cholesterol (mg/dl) 126.5 35.6 109.1 34.8 0.011!!
HDL-cholesterol (mg/dl) 38.4 11.5 39.1 9.4 0.875!!
Triglyceride (mg/dl) 125.0 (52.0e376.0) 112.0 (52.0e1095.0) 0.512*
LDL/HDL ratio 3.55 1.43 2.87 0.92 0.007!!
Lipoprotein (a) (mg/dl) 24.2 (2.0e145.0) 29.8 (2.0-153.0) 0.260*
Homocysteine (mmol/l) 14.8 (7.8e24.5) 14.9 (7.1e88.7) 0.808*
hs-CRP (mg/dl) 0.5 (0.02e21.54) 0.5 (0.3e18.6) 0.607*
Leukocyte count (103/ml) 7.7 (4.4e20.5) 7.5 (3.6e16.2) 0.611*
ABI, ankle brachial index; Hypertension, brachial blood pressure >140/90 mmHg or patients on a antihypertensive medication; Smoking,
current smokers and ex-smokers who quit smoking within past 10 years; Statin use, history of lipid lowering agent for 1 month or longer;
BMI (body mass index) was calculated as body weight (kg) divided by height squared (m2); LDL, low density lipoprotein; HDL, high den-
sity lipoprotein; hs-CRP, high sensitivity-C reactive protein.
* Mann-Whitney test.
y Fisher’s exact test.
z Chi-square test.
!! Independent t-test.
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measuring the diameter of the runoff arteries on the
axial view of the CT angiogram or contrast angiogram
using an electronic caliper and magnification tools
(Fig. 1). The arterial occlusive lesions were classified
according to the degree of the diameter of stenosis
(the greatest stenosis: <20%, 20%e49%, 50%e99%,
and total occlusion) and the total occlusions were sub-
divided according to the length of the arterial occlu-
sion (the length of the arterial stenosis:<50% of the
arterial length and throughout the length). The calcu-
lated DRRSs were compared between the test limbTable 3. Distribution and frequencies of the distal arterial occlusiv
Control limb (opposite limb)
Iliac occlusion group (n¼ 43)
Test limb Control limb
Occluded Stenosis 50% Occluded Stenosis
CFA 1 1 1 1
SFA 2 6 8 6
A-K pop. 1 0 1 1
B-K pop. 0 0 0 0
Ant. tibial 11 3 14 5
Post. tibial 6 4 4 4
Peroneal 6 4 2 5
Pedal 14 1 18 1
CFA, common femoral artery; SFA, superficial femoral artery; A-K pop(ipsilateral limb with a proximal arterial occlusion)
and the control limb (contralateral limb).
The median values of the DRRS at the upper (com-
mon, superficial and deep femoral and above-knee pop-
liteal arteries) and lower leg (below-knee popliteal,
tibio-peroneal and pedal arteries) in the test limb and
control limb were compared using Wilcoxon’s signed
rank test. After comparing the DRRS of the 2 legs,
both uni- and multivariate analyses were performed
to determine the risk factors for the development of
the DRRS difference between the test and control limbs.
The demographic (age, gender, body mass index),e lesions: Test limb (limb with a proximal arterial occlusion) vs.
Femoral occlusion group (n¼ 76)
Test limb Control limb
50% Occluded Stenosis 50% Occluded Stenosis 50%
NA NA NA NA
NA NA NA NA
0 1 0 2
1 0 1 1
33 7 36 8
29 7 27 11
17 15 18 18
43 12 45 15
, above-knee popliteal artery; B-K pop, below-knee popliteal artery.
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Table 4. Comparison of distal runoff resistance scores (DRRS)
between the test limb (limb with a proximal arterial occlusion)
and control limb (opposite limb)
Distal runoff resistance scores P*
Test limb Control limb
Iliac occlusion group (n¼ 43)
At upper leg 1.87 1.69 2.85 2.75 0.032
At lower leg 3.04 2.60 2.71 2.24 0.701
Whole leg 4.91 3.39 5.55 3.88 0.164
Femoral occlusion group (n¼ 76)
At lower leg 4.68 2.97 5.01 3.03 0.342
* Wilcoxon’s signed rank test.
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smoking), laboratory data (serum homocysteine; in-
flammatory markers including hs-CRP, leukocytes count;
lipid profile including total cholesterol, LDL-cholesterol,
HDL-cholesterol, LDL/HDL ratio lipoprotein (a), tri-
glyceride) were examined by risk factor analysis.
Non-parametric tests were used for univariate
analysis. Multiple linear regression models with ad-
justment of other factors (age, diabetes mellitus,
smoking, hs-CRP and LDL/HDL ratio) were used
for multivariate analysis. A p-value< 0.05 was consid-
ered significant.
Results
A comparison of the patient’s characteristics between
the iliac occlusion and femoral occlusion groups re-
vealed hypertension to be more common in the femo-
ral occlusion group while there were more smokers inTable 5. Univariate analysis for the development of a difference of
distal runoff resistance score (DRRS) in the test limb and control
limbs
Variables Correlation coefficient P
Gender - 0.267*
Smoking - 0.638*
Diabetes mellitus - 0.520*
Hypertension - 0.671*
Statin use - 0.487*
Proximal artery occlusion - 0.339*
Age (y) 0.0972 0.293y
hs-CRP (mg/dl) 0.0129 0.889y
Homocysteine (mmol/l) 0.1913 0.037y
Leukocyte count (103/ml) 0.0228 0.806y
BMI (kg/m2) 0.0730 0.430y
Total cholesterol (mg/dl) 0.0001 0.999y
LDL-cholesterol (mg/dl) 0.0145 0.876y
HDL-cholesterol (mg/dl) 0.0646 0.485y
LDL/HDL ratio 0.0491 0.596y
Lipoprotein (a) (mg/dl) 0.0835 0.367y
Triglyceride (mg/dl) 0.0219 0.814y
LDL-Cholesterol, low density lipoprotein cholesterol; HDL-C, high
density lipoprotein cholesterol; hs-CRP, high sensitivity-C reactive
protein; BMI, body mass index.
* Mann-Whitney test.
y Spearman’s correlation analysis.
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the serum LDL-cholesterol level and LDL/HDL ratio
to be significantly higher in the iliac occlusion group
than in the femoral occlusion group (Table 2).
Table 3 shows the distribution and frequency of the
distal arterial occlusion and stenosis (50%) in the
iliac and femoral occlusion groups. The DRRS of the
upper leg in the iliac occlusion group was signifi-
cantly lower in the test limbs than in the control limbs.
This means that less severe arterial lesions were found
at the femoral and above-knee popliteal arterial seg-
ments of the test limb than those of the control limb.
However, there were no significant differences ob-
served compared with at the lower legs (Table 4).
Although univariate analysis showed a negative cor-
relation (correlation coefficient, 0.1913; p¼ 0.037) be-
tween serum homocysteine level and the development
of a difference in the DRRS between the test and control
limbs (Table 5), multivariate analysis did not identify
any independent risk factors associated with this differ-
ence in DRRS. Multivariate analysis showed that a prox-
imal arterial occlusion was not an independent risk
factor for the development of a difference in the DRRS
between the test and control limbs (Table 6).
Discussion
Many factors have been suggested to be important in
the pathogenesis of atherosclerosis. The predisposition
for atherosclerotic lesions might be determined by
a variety of hemodynamic factors such as blood pres-
sure, endothelial shear stress and turbulence flow in
the arterial lumen; all of which are affected by the local
anatomy of the arteries.6e10 All these factors have been
proposed as potential mechanisms to explain the orig-
inal findings of Warren et al.,1 which suggested that
a proximal arterial occlusion is a limb can protect the
distal LE arteries from the progression of atherosclero-
sis. In contrast, we searched, but failed to find any
convincing evidence for a slowed progression of ath-
erosclerotic occlusive disease in the distal arterial
bed in patients with an unilateral iliac or femoral
arterial occlusion compared with the opposite limb.
It is difficult to assess the rate of progression of arte-
rial disease in clinical practice. Serial LE arteriography
examinations11 or serial measurements of the ankle
brachial index4 have been used to compare the pro-
gression of atherosclerotic disease in the LE. Some
studies simply have compared the number of patent
runoff arteries between the test and control limbs.2 Un-
like previous studies,1,2,12 which used subjective deter-
mination criteria (e.g. number of distal arterial lesions),
we used a scoring system stratifying the individual
arterial luminal changes (occlusion and stenosis
Table 6. Multivariate analysis* for the development of a difference of distal runoff resistance score (DRRS) in test limb and control limb
DRRS
Iliac occlusion Group (n¼ 43) Femoral occlusion group (n¼ 76) DRRS difference (n¼ 119)
Variables b p-value b p-value b p-value
Intercept 1.27 0.7872 2.80 0.2401 1.02 0.6932
Age 0.01 0.8538 0.08 0.0224 0.05 0.1346
Diabetes mellitus 0.68 0.6515 0.19 0.7978 0.32 0.6453
Smoking 3.53 0.0866 0.03 0.9649 0.58 0.4415
hs-CRP 0.04 0.8006 0.03 0.7509 0.01 0.9577
LDL/HDL ratio 0.08 0.8600 0.72 0.0652 0.26 0.3621
Proximal artery occlusion - - - - 0.70 0.3162
* Multiple linear regression models using stepwise selection after adjustment of age, history of diabetes mellitus and smoking, and level of
hs-CRP and LDL/HDL ratio.
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though 2 angiography modalities (contrast angio-
graphy and CT angiography) were used to assess the
degree of occlusive lesion in our study, it is believed
that this disadvantage is offset by comparing the de-
gree of arterial occlusive lesions between the test
limb and control limb in the same patient. In order to
increase the power of the evidence, a prospective study
will be needed to compare the progression of distal ar-
tery disease prospectively randomizing patients with
mild ischemic symptoms of LE into two groups; surgi-
cal or endovascular revascularization group and con-
servative treatment group.
Among the various risk factors for atherosclerosis,
certain factors are more strongly associated with the
specific anatomic distribution of atherosclerosis. For
example, atherosclerotic disease in diabetic patients is
more likely to affect the distal arteries of the LE13 while
smoking is more strongly associated with aortic le-
sions.14,15 A comparison of the patient’s characteristics
revealed hypertension to be more common in the fem-
oral occlusion group (44% vs 64%, p¼ 0.032) while
there were more active smokers in the iliac occlusion
group (88% vs 68%, p¼ 0.015). Since patients with com-
bined iliac and femoral occlusions were classified as in
the iliac occlusion group, this observation can be inter-
preted as indicating that smokers having have more
extensive arterial occlusive disease than non-smokers.
In summary, this study compared the degree of
arterial occlusive disease using DRRS at the distal ar-
teries between the limb with a proximal arterial occlu-
sion and a control limb in patients with an unilateral
iliac or femoral artery occlusion caused by atheroscle-
rosis. Less severe femoral artery occlusive disease
was found in the limb with an iliac artery occlusion
compared with the control limb. However, multivariate
analysis showed that a proximal arterial occlusion was
not an independent factor for the development of a dif-
ference in the DRRS between the test and control limbs.References
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